(a) Picture of the ToF-SIMS served in this study. (b) Schematics of ToF-SIMS Supplementary Figure S1 (a) shows the ToF-SIMS that located in Winograd Lab at Penn State.
the electrolytes is ~3V. Usually, for an applied voltage equal or slightly larger than the electrochemical window, one could not observe significant change in the actuation and the reaction slowly affects the bending magnitude over thousands of cycles. However, the reduction in actuator lifetime becomes notable that the actuator dies within a few minutes, when the applied voltage is a couple of volts higher than the electrochemical window.
ToF-SIMS control signal (without electrical bias)
Supplementary Figure S4 Control signal of Aquivion with 45 wt% BMMI-Cl ionic liquids (a) CF + and BMMI + (b) Fand Cl -(no voltage is applied to the sample) Control data of Aquivion with 45 wt% BMMI-Cl is presented in Supplementary Figure S4 . It could be seen that without voltage bias, the counts of both the ions and polymer fragment do not change with depth. It is notable that the first data point in each data set, which represents the surface condition of the film, differs from the signal from the bulk.
Sputter rate measurement
Supplementary 
Depth profiles of polymer fragments
Supplementary Figure S5 Depth profile of polymer fragments under charged condition (2.5V), where the variation of the polymer signal near the electrodes is within 20%.
Ion size estimation
For the neat ionic liquid BMMI-Cl, the volume (0. Here, charge neutrality was applied to estimate the ratio between Ca C 0 and An C 0 . By assuming the net charge on cathode side equals to that on the anode side, it is found that 
Estimation of effective layer (excess ion layer) thickness
From a 5-layer model in Reference #10, the intrinsic strain S 0 generated in the effective layer (shown Supplementary Figure S6 (a) ) has the following relation: 
t are the Young's modulus and the thickness of the Au metal layer, effective layer (excess ion stored), and ionic polymer layer (no strain generation), respectively.  is the bending curvature of the actuator. Since the bending curvature in Figure 3 (c) is 0.4 mm -1 , strain versus effective layer thickness can be deduced as shown in Supplementary Figure S6 (b) . If the intrinsic strain S 0 is 20%, which is estimated from reference # 11, the effective layers possess a thickness of 1.5 µm. If the effective layer is only in the range of nm, e. g. 5 nm, the intrinsic strain needs to reach 6000%, which is physically impossible. 
Supplementary Figure S6

Illustration of ion distribution in actuator operation
Supplementary Figure S7 (a) (b)
